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(54) Signal strength triggered handoff in wireless communicalion systems 



(57) An apparatus and method which, in a wireless 
communication system, improve the quality of inter -fre- 
quency hand-olfs from an existing call connection fre- 
quency to a new frequency by minimizing oscillating 
inter-frequency hand-offs between the existing call con- 
nection frequency and the new frequency, and by mini- 
mizing redundant and unnecessary tuning and 
searching at the new frequency The present invention 
accomplishes this improvement by adding specific 
threshold comparison values (or triggers) within existing 
messages and through more robust data reporting, 
from the mobile unit to the base station, when tuning 
and searching is performed. Particularly, two compara- 



tive triggers provided by the present invention avoid 
unnecessary tuning and searching in the new fre- 
quency, thus reducing voice degradation and the risk of 
dropped calls while pilot searching in the current fre- 
quency. Additionally, an alternative embodiment of the 
present invention compares received power in the new 
frequency to the received power in the original fre- 
quency If the received power in the new frequency does 
not exceed the received power in the original frequency 
by a specified hysteresis threshold value, then a search 
of the new frequency is unnecessary and the mobile 
unit "retunes" to the original frequency 
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Description 

Field Of The Invention 

[0001] This invention relates generally to wireless 
communicalion systems and, in particular, to tech- 
niques utilized for inter-frequency hand-offs. 

Background Of The Invention 

[0002] Wireless communication systems typically 
include a mobile switching center (MSG) and a plurality 
of base stations connected to the MSG. Each of the 
base stations provides wireless communication serv- 
ices to mobile stations within geographical coverage 
areas referred to herein as cells, wherein a mobile sta- 
tion is a transceiver to which a user or subscriber of the 
wireless communication system is associated. Associ- 
ated with each wireless communication system are fre- 
quency spectrums over which user traffic may be 
transmitted between the base stations and the mobile 
stations. The amount of user traffic transmittable over a 
frequency spectrum is limited, in part, by the bandwidth 
of the frequency spectrum. 

[0003] To more effectively utilize the frequency spec- 
trum, wireless communication systems generally have 
incorporated multiple access techniques, such as fre- 
quency division multiple access (FDMA), time division 
multiple access (TDMA) and code division multiple 
access (CDMA). In FDMA and TDMA based systems, 
the frequency spectrum is partitioned into sets of nar- 
row frequency bands (e.g., 30 kHz). In FDMA based 
systems, each narrow frequency band is used to define 
a traffic channel over which user traffic may be transmit- 
ted between a base station and a mobile station. In 
TDMA based systems, a traffic channel is defined by a 
narrow frequency band with time slots assigned for indi- 
vidual call connections. Thus, in TDMA based systems 
(as opposed to FDMA), more than one traffic channel 
may be defined using the same narrow frequency band. 
Typically, in FDMA and TDMA based wireless communi- 
cation systems, base stations use distinct and unique 
narrow frequency bands to reduce co-channel interfer- 
ence. 

[0004] In CDMA based wireless communication sys- 
tems, the frequency spectrum typically includes only 
one wide frequency bad, typically having a bandwidth of 
1.25 MHz or wider. A traffic channel is defined, in part, 
by the wide frequency band and unique codes associ- 
ated with individual users or subscribers. Although traf- 
fic channels in neighboring cells may use the same wide 
frequency bad, co-channel interference (between base 
stations in neighboring cells) is reduced as a result of 
spreading gain attributable to the unique direct 
sequence codes which define the traffic channels. If the 
frequency spectrum is partitioned into two or more wide 
frequency bands, co-channel interference may further 
be reduced by using different wide frequency bands to 



define traffic channels in neighboring cells. 
[0005] Regardless of the multiple access technique 
employed by the wireless communicalion system, a traf- 
fic channel needs to be assigned to a mobile station 

5 before any telephone call is placed by or 1o the mobile 
station. Specifically, the traffic channel is assigned to 
the mobile station by the base station associated with 
the cell in which the mobile station is physically located. 
As long as the mobile station stays within the same cell, 

10 the mobile station may use the same traffic channel for 
the duration of the telephone call. If the mobile station 
moves to another cell during the telephone call, a hand- 
off will be performed between the base station associ- 
ated with the new cell and the base station associated 

15 with the old cell. Generally, hand-offs involve the mobile 
station detecting a strong RF signal from a new base 
station, the new base station assigning a new traffic 
channel to the mobile station, and the mobile station 
switching from the old traffic channel to the new traffic 

20 channel. 

[0006] Hand-offs in which a mobile station switches 
between traffic channels defined using the same fre- 
quency band are referred to herein as intra-frequency 
hand-offs. Such hand-otfs are utilized in CDMA based 

25 wireless communication systems in which the traffic 
channels involved in the hand-off are defined using the 
same wide frequency band. By contrast, had-offs in 
which a mobile station switches between traffic chan- 
nels utilizing different frequency bands are referred to 

30 herein as inter-frequency hand-offs. Inter-frequency 
hand-offs are utilized in FDMA and TDMA based wire- 
less communication systems. Inter-frequency hand-oHs 
may also be used in CDMA based wireless communica- 
tion systems in which the traffic channels are defined 

35 utilizing wore than one wide frequency band. 

[0007] One concem associated with inter-frequency 
hand-offs is a tendency for the mobile station to oscillate 
between two frequencies. This occurs when a mobile 
station first hands-off to a new frequency and then sub- 

40 sequently returns to the old frequency. Such a situation 
is referred to herein as "ping -ponging." In geographical 
areas where the old and new frequencies are character- 
ized as having strong RF signals, ping-ponging is a 
potential problem. 

45 [0008] Another concern associated with inter-fre- 
quency hand-offs is dropped calls. Specifically, the suc- 
cess rate of inter-frequency hand-offs may suffer if the 
mobile station is unable, for a variety of reasons, to tune 
10 the new frequency (used in defining the new traffic 

50 channel), thereby resulting in dropped calls. To resolve 
this problem in CDMA based wireless communication 
systems, new messages have been proposed for incor- 
poration into the well-known IS-95 standard. The pro- 
posed new messages are described in a contribution 

55 entitled "Inter-frequency Hard Hand -off Improvements 
(Rev. 2)/' to TR45.5. TR45.5.3.1/97.03.20.02. submit- 
ted on March 20, 1997, by Edward Tiedemann and Tao 
Chen, and a contribution entitled "Proposed IS-95B Text 
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for Inter-Frequency Hard Hand-off Improvements," to 
TR45.5. TR45.5/97.03.20.03, submitted on March 17- 
21 , 1997, by Pradeep Jain, et al. 

[0009] The proposed new messages include fields 

that instruct a mobile station to perform a periodic 
search in a new frequency band for a strong RF signal 
whenever the mobile station nears the border o1 two or 
more cells and/or sectors. Performance of such a peri- 
odic search requires the mobile station to reallocate its 
resources and tune between the old frequency and the 
new frequency. Specifically, the mobile station may ded- 
icate a periodic block of time to tune to the new fre- 
quency and perform its search for new base stations 
using the new frequency This adversely affects the 
mobile station in two manners. First, while the mobile 
station is luned to the new frequency, the mobile station 
cannot search for new base stations using the old fre- 
quency Thus, the mobile station's search for new base 
stations in the old frequency is hindered. Second, fewer 
blocks of time are available for the transmission of user 
traffic (over the old frequency), which may result in a 
degradation of perceived communicated voice quality at 
the mobile station. 

[0010] Therefore, there exists a need for improving 
inter-frequency hand-offs by minimizing oscillating inter- 
frequency hand-offs between existing and new frequen- 
cies, and by preventing unnecessary tuning to new fre- 
quencies to search for RF signals. 

Summary Of The Invention 

[001 1 ] The present invention is a device and a method 
which, in a wireless communication system, improve the 
quality off inter-frequency hand-offs from a existing con- 
nection frequency to a new frequency by minimizing 
oscillating inter-frequency hand-offs between the exist- 
ing connection frequency and the new frequency and 
by minimizing redundant and unnecessary tuning and 
searching at the new frequency Although the present 
invention is particularly well suited for application within 
a CDMA wireless communicalion system, and shall be 
so described herein, it is also equally applicable to other 
wireless communications systems requiring inter-fre- 
quency connection hand-offs, including FDMA and 
TDMA wireless communication systems. 
[001 2] The present invention accomplishes the noted 
inter-frequency hand-off improvements by adding spe- 
cific threshold comparison values (or triggers) within 
existing messages and additionally via a more robust 
data reporting to the base station when tuning and 
searching is performed. Particularly two comparative 
triggers provided by the present invention avoid unnec- 
essary tuning and searching in the new frequency thus 
reducing voice degradation and the risk of missing 
hand-off opportunities in the current frequency Upon 
receiving an Extended Hand-off Direction Message 
(EHDM), a mobile unit (mobile station] will compare 
received power at the existing connection frequency 



with a threshold [or trigger) value 
(MIN_RX_PWR_CURR). An EHDM is a message from 
a base station to a mobile unit which includes a com- 
mand to perform a hand-off if a new active set is given, 

5 and otherwise perform a search. If received power at 
the existing connection frequency is not greater than 
MIN_RX_PWR_CURR, then the mobile unit tunes to a 
new frequency to explore hand-off possibilities. How- 
ever, if received power at the existing connection fre- 

10 quency is greater than MIN_RX_PWR_CURR, then a 
second comparative trigger is utilized. The second com- 
parative trigger compares the summation of fractional 
pilot power from all active pilots with a threshold (or trig- 
ger) value (MIN_SUM_ECIO_CURR). If the summation 

7^ of fractional pilot power from all active pilots is less than 
or equal to MIN_SUM_ECIO_CURR. then the mobile 
unit tunes to the new frequency to explore hand-off pos- 
sibilities. However, if the summation of fractional pilot 
power from all active pilots is greater than 

20 MIN_SUM_ECIO_CURR, then the mobile unit contin- 
ues the call at the original frequency and reports condi- 
tions to the base station. 

[0013] Additionally an alternative embodiment of the 
present invention compares received power in the new 

25 frequency to the received power in the original fre- 
quency If the received power in the new frequency does 
not exceed the received power in the original frequency 
by a specified hysteresis threshold value 
(HYSTERESIS_RX_PWR). then a search of the new 

30 frequency is unnecessary and the mobile unit "retunes" 
to the original frequency 

[0014] Advantageously the cumulative effect of the 
above recited contributions of the present invention is a 
reduction in the quantity of dropped calls during inter- 

35 frequency hand-off, a minimization of voice degrada- 
tion, and an improvement in the search speed utilized 
for a soft hand-off in the current frequency 
[001 5] Minimization of oscillatory hand-offs to a new 
frequency with a subsequent return to the original fre- 

40 quency (or "ping-ponging") is accomplished by incorpo- 
rating a more robust reporting scheme (of RF 
conditions) from a mobile unit to the base station. Spe- 
cifically embodiments o1 the present invention utilize 
mobile unit reporting of not just received power and 

45 fractional pilot power from pilots at the new frequency 
but also of received power and fractional pilot power 
from pilots at the current frequency as well. Mobile unit 
reporting of RF conditions to the base station is accom- 
plished via fields included within a Other Frequency 

so Report Message (OFRM). Although the fractional pilot 
power in the current frequency may be accomplished by 
invoking a Pilot Measure Request Order (PMRO), doing 
so creates a greater messaging density and a greater 
burden on the mobile unit. Utilization of the previously 

55 summarized hysteresis comparison value also aids in 
the minimization of "ping-ponging" events. 
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Brief Description Off The Drawings 

[001 6] A more complete understanding of the present 
invention may be obtained from consideration of the fol- 
lowing description in conjunction with the drawings in 5 

which: 

FIG. 1 is a t)lock diagram iliustrating a CDIVIA com- 
municalion system; 

10 

FIG. 2 is a block diagram illustrating a multicarrier 
CDMA communication system; and 

FIGS. 3a and 3b are flow charts illustrating the 
process steps for an improved inter-frequency i5 
hand-off trigger and reporting system, in accord- 
ance with the present invention. 

D^?iig<i D^riptipn 

20 

[0017] Although the present invention is particularly 
well suited for use within a CDMA communication sys- 
tem and is so described with respect to this application, 
it is also applicable for use in conjunction with other 
wireless communication systems. FIG. 1 illustrates a 25 
communication system 100 including a first base site 
101 , a second base site 140, and one or more commu- 
nication units 103,104,105 (i.e., mobile stations or 
mobile units). An exemplary embodiment of communi- 
cation system 100 is a code division multiple access 30 
CDMA cellular communication System, such as that set 
forth in the Telecommunications Industry Associa- 
tion/Electronic Industries Association Interim Standard 
95 (TIA/ETA IS-95; hereinafter relerred to as IS-95). In 
the cellular communication system 100, the base site ss 
101 is coupled to a mobile switching center (MSG) 113 
that is in turn coupled to a public switched telephone 
network (PSTN) 115 using known techniques. 
[001 8] The base site 1 0 1 preferably includes a plural- 
ity of transceivers 120 and 122 (only two shown) that 40 
receive coded communication signals from the commu- 
nication units 103,104 within a coverage area defined 
by a first cell 130 of the base site 101 and transmits 
coded communication signals to the communication 
units 103,1 04 within the first cell 130. Thebasesite 101 45 
also includes appropriate interfaces between the MSG 
113, the transceivers 120,122, and an antenna 112. In 
addition, the base site 101 includes a controller 200. 
Each of the communication units 103,104,105 com- 
prises a mobile station or unit with radio frequency (RF) so 
transmission and reception capabilities. Each of the 
communication units has an antenna 110 attached 
thereto. The base site 140 is substantially similar to 
base site 101 except that base site 140 communicates 
with a controller 201 via a communication link 1 42 since 55 
the controller 201 is within a base station controller 150 
that is in turn connected to the MSG 1 1 3. Base site 140 
has an antenna 114 and has a coverage area defined 



by a second cell 132. 

[0019] Within the exemplary CDMA System 100, 
coded communication signals comprise CDMA commu- 
nication signals 107,108 that are corrveyed between the 
communication units 103,104,105 and the base sites 
101,140 through an uplink (from communication unit to 
base site) RF carrier and a downlink (from base site to 
communication unit) RF carrier within each cell 
130.132. The RF channel includes an uplink (communi- 
cation units 103,104 to base site 101) and a downlink 
(base site 101 to communication units 103.104}. In a 
one embodiment of the present invention, the downlink 
and uplink RF carriers have associated prescribed 
bandwidths (e.g., 1.25 MHz for IS-95) collectively used 
by the communication units 103,104 to transmit multiple 
coded communication signals 107,108 (CDMA signals 
in this case) toward the t>ase site 101 and vice versa. 
Each CDMA communication signal 107,108 is defined 
by, inter alia, a pseudo-noise sequence, a timing offset 
associated with the base site 1 0 1 , a Walsh code, and an 
identification code for the particular communication unit 
103,104. 

[0020] In one alternative embodiment the CDMA Sys- 
tem may be a multicarrier system. Each base site 
101,140 in the multicarrier CDMA system 100 has a 
associated plurality of RF carriers. Multiple carriers 
allow for more traffic channels which increases the 
capacity of the CDMA system. Each carrier has associ- 
ated prescribed bandwidths (e g.. 1.25 MHz for IS-95) 
for uplink (communication unit 1 03 to base site 101) and 
downlink (base site 101 to communication unit 103). At 
a call origination, the call is assigned to one of the traffic 
channels available in the cell of origination. A particular 
embodiment of the multicarrier system is illustrated in 
FIG. 2. Differences between the multicarrier embodi- 
ment of FIG. 2 and the embodiment of a single carrier 
system illustrated in FIG. 1 are as follows. Communica- 
tion units 103,104 in the multicarrier CDMA system 
have the capability to use different frequency bands, 
corresponding to different carriers, for transmitting and 
receiving. In the forward direction, radio signals corre- 
sponding to different carriers are combined by a com- 
biner 160 before they are transmitted by the antenna. In 
the reverse direction, the radio signal received by the 
antenna is filtered into signals corresponding to different 
carriers. FIG. 2 shows different groups of transceivers 
120,122 processing signals of different carriers. Modifi- 
cations of the particular embodiment of a multicarrier 
system, described above, are also possible. For exam- 
ple, the transceivers 120,122 do not have to be "dedi- 
cated" to specific carriers but can be shared by the 
carriers. Further detail of a suitable multicarrier system 
is described in the IS-95B standard. 
[0021 ] When the mobile unit is engaged in a call, the 
mobile unit may use the same traffic channel for the 
duration of the connection, as long as it remains within 
the same cell. If, however, the mobile unit moves to 
another cell during the connection, a hand-off will be 
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performed between the servicing (primary) base station 
in control of the mobile unit and the base station of the 
new cell. Hand-offs in which a mobile unit switches 
between traffic channels defined using the same fre- 
quency band are referred to as intra-frequency hand- 
offs. Hand-offs in which a mobile unit switches between 
traffic channels defined using different frequency bands 
are referred to as inter-frequency hand-offs. A descrip- 
tion of an improved method for mobile unit inter-fre- 
quency hand-off within a CDMA based wireless 
communication system follows. However, as previously 
stated, the present invention is equally applicable when 
used in conjunction with other wireless communication 
Systems, such as TDM A or FDMAbased Systems. 
[0022] Se/eral new messages have been proposed 
for incorporation within IS-95B to aid in CDMA based 
system hand-offs in a contribution entitled "Inter-fre- 
quency Hard Hand-off Improvements (Rev. 2)," to 
TR45.5, TR45.5.3. 1/97.03.20.02, submitted on March 
20. 1997. by Edward Tiedemann and Tao Chen, and a 
contribution entitled "Proposed IS-95B Text for Inter- 
Frequency Hard Hand-off Improvements," to TR45.5, 
TR45.5/97.03.20.03. submitted on March 17-21, 1997, 
by Pradeep Jain, et al, The new proposed messages 
include an Other Frequency Neighbor List Message 
(OFNLM). an Other Frequency Neighbor List Response 
Message (OFNLRM), an Other Frequency Report Mes- 
sage (OFRM), and a modified Extended Hand-off Direc- 
tion Message (EHDM), as will be described herein. The 
present invention incorporates additional checks and 
messages, as well as additional fields within existing 
and proposed messages, to further improve inter-fre- 
quency hand-off performance. 
[0023] FIGS. 3a and 3b are flow charts illustrating the 
process steps for a improved inter-frequency hand-off 
trigger and reporting system incorporated within a wire- 
less communication system 100. The system typically 
comprising the controller 200.201 at the base site (or 
base station) 101,140 and a plurality of communication 
units (or mobile units) 103,104,105. At least one mobile 
unit maintains an established CDMA signal call connec- 
tion over a traffic channel with a servicing base station, 
in accordance with step 2. A mobile having an estab- 
lished call connection with a servicing base station is in 
possession of the corresponding ceirs Serving Fre- 
quency Neighbor List. The Serving Frequency Neighbor 
List is a list indicating pilot channel codes (a unique and 
distinguishable timing offset for each pilot channel) of 
the sen/ing or cun^ent frequency (that frequency over 
which a particular connection is currently maintained) 
for neighboring base stations which are potential hand- 
off recipients. The servicing base station transmits an 
OFNLM to the mobile unit once the servicing base sta- 
tion determines that there is a possible need for handing 
off a mobile unit to a new frequency, in accordance with 
step 4. The servicing base station makes this determi- 
nation, in accordance with IS-^B, by monitoring, inter 
alia, the distance between the mobile unit and the base 



station, the quality of both forward and reverse links, the 
fOHA^ard traffic channel gain, and the detection of a pilot 
channel signal by the mobile unit. An OFNLM is equiva- 
lent to the IS-95B (November IS, 1997 version) pro- 
5 posed message, Candidate Frequency Search Request 
Message (CFSREQM). 

[0024] The OFNLM contains a Candidate Frequency 
Neighbor List (GFNL). The CFNL is a list indicating pilot 
channel codes for prospective hand-off frequencies 

10 associated with base stations which are potential hand- 
off recipients. In addition to the CFNL, the OFNLM con- 
tains the search window sizes for the base station sec- 
tors on new CDMA channels which are potential 
handoff destinations for the mobile. The mobile unit 

lb responds to a received OFNLM by transmitting an OFN- 
LRM back to the originating or servicing base station, in 
aocordance with step 6. The OFNLRM is a message uti- 
lized to confirm reception of the OFNLM. In one embod- 
iment of the present invention, the OFNLRM message is 

20 equivalent to the IS-95B (November 18, 1997 version) 
proposed message, Candidate Frequency Search 
Response Message (CFSRESM). 
[0025] The base station then transmits a EHDM to the 
mobile unit, in accordance with step 8. The EHDM is a 

25 command from the base station to the mobile unit to 
perform a hand-off if a new active set is provided (sub- 
sequently described), othenvise it is a command for the 
mobile unit to commence a search for pilot channel sig- 
nals at a current frequency having a received strength 

30 (received power at the mobile unit) greater than a spec- 
ified threshold value, as will be explained herein. The 
EHDM is equivalent to the IS-g5B (November 18, 1997 
version) proposed message known as a General Hand- 
off Direction Message (GHDM). 

35 [0026] For purposes of this application, a current or 
old active set refers to a list indicating base Stations 
which the mobile unit is in communication with at the 
current frequency {i.e., the frequency used by the serv- 
icing base station). The current or old active set 

40 includes at least the sen/icing or primary t^ase station. A 
new active set refers to a list indicating base stations 
which the mobile unit is in communication with at a new 
frequency. An active set (old or new) is considered 
"empty ' if no base stations are indicated. Additionally, 

45 for purposes of this application a pilot channel signal is 
defined herein as an unmodulated signal (i.e.. a beacon 
signal containing no modulated data) transmitted over a 
pilot channel. All pilot channel signals in an 18-95 CDMA 
system are defined using the same spreading sequence 

50 and Walsh code, but are differentiated since each pilot 
channel signal has a unique and distinguishable timing 
offset value. 

[0027] Referring back to FIG, 3a, the mobile unit per- 
forms a conditional check in accordance with step 10; 
55 that is, the received power of signals at the current fre- 
quency (i.e.. frequency used by the servicing base sta- 
tion) is compared to a threshold value 
(MIN_RX_PWR_CURR). If received power at the cur- 
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rent frequency is less than or equal to 
MIN_RX_PWR_CURR. then the mobile unit tunes to a 
new frequency indicated by the OFNLM, in accordance 
with step 14, to explore a potental hand-off opportunity 
at the new frequency. However, if the received power at 
the current frequency is greater than 
MIN_RX_PWR_CURR, then a second conditional 
check is performed in accordance with step 12. In one 
embodiment of the present invention, the threshold 
value MIN_RX_PWR_CURR is equivalent to the IS-95B 
(November 18, 1997 version) proposed threshold value 
of SF_RX_PWR_THRESH. 

[0028] In accordance with step 12, the mobile unit 
compares the sum of each Ec/lo for all current aclive set 
pilot channel signals (i.e., pilot channel signals transmit- 
ted by base stations indicated in the current active set) 
to a minimum threshold value for the current frequency 
(MIN_SUM_ECIO_CURR). Ec/lo is the relative signal 
strength, or the fractional total power received over a 
particular pilot channel (i.e.. from a particular base sta- 
tion), where Ec represents energy per chip and lo repre- 
sents total received power. If the sum of each Ec/lo for 
all current active set pilot channel signals is less than or 
equal to MIN_SUM_ECIO_CURR, then the mobile unit 
tunes to a new frequency, as indicated in the OFNLM 
and in accordance with step 14. to explore a potential 
hand-off opportunity at the new frequency. 
[0029] However, if the sum of each Ec/lo for all current 
active set pilot channel signals is greater than 
MIN_SUM_ECIO_CURR. then the connection between 
nxtbile unit and base station is cfiaracterized as being 
acceptable and the mobile unit proceeds to step 34 and 
does not tune to the new frequency. In step 34, as 
shown in FIG. 3b, if the received EH DM is the first 
received EHDM for a proposed inter-frequency hand- 
off, then the mobile unit proceeds to step 36 where it 
transmits an OFRM to the servicing base station. In one 
embodiment of the present invention, the OFRM is 
equivalent to the IS-95B (November 18, 1997 version) 
proposed message known as a Candidate Frequency 
Search Report Message (CFSREPM). The OFRM 
includes an updated report to the servicing base station 
of the status of Ec/lo of all current active set pilot chan- 
nel signals at the current frequency and 
RX_PWR_CURR o1 the current frequency, wherein 
RX_PWR_CURR is a field indicating the value of 
received power for the current frequency In one embod- 
iment of the present invention, RX_PWR_CURR is 
equivalent to the IS-95B (November 18, 1997 version) 
proposed message of SF_TOTAL_RX_PWR. If the 
EHDM received is not the first received EHDM for a pro- 
posed inter-frequency hand-off, then the mobile contin- 
ues the connection at the current frequency, in 
accordance with step 42. 

[0030] Returning now to step 1 4, either the compari- 
son performed in step 10 or step 12 relumed a negative 
result (indicating a poor RF signal condition at the cur- 
rent frequency), and therefore the mobile tuned to a new 



frequency to explore a potential had-off opportunity 
First, in accordance with step 16. received power of sig- 
nals at the new frequency is compared to a threshold 
comparison value (MIN_RX_PWR_NEWF). In one 

5 embodiment of the present invention, the threshold 
comparison value MIN_RX_PWR_NEWF is equivalent 
to the IS-95B (November 18, 1997 version) proposed 
threshold comparison value of 

CF_RX_PWR_THRESH. 

10 [0031 ] If received power at the new frequency is not 
greater than MIN_RX_PWR_NEWF, then the RF condi- 
tion of the new frequency is not acceptable, and in 
accordance with step 20, tiie mobile unit tunes back to 
the original frequency (i.e., servicing frequency) and 

15 sends an OFRM containing the following fields: 
RX_PWR_CURR, RX_PWR_NEWF, and Ec/lo for all 
active set pilot channel sisals at the original frequency. 
In one embodiment of the present invention 
RX_PWR_NEWF represents the value of received 

20 power at the new frequency; and RX_PWR_NEWF is 
equivalent to the IS-95B (November 18, 1997 version) 
proposed message of CF_TOTAL_RX_PWR. However, 
if received power at the new frequency is greater than 
MIN_RX_PWR_NEWF, then the RF condition of the 

25 new frequency is acceptable, in accordance with step 
16. 

[0032] Advarrtageously, an exemplary embodiment of 
the present invention utilizes a hysteresis comparison to 
prevent oscillatory tuning to a new frequency with a sub- 
so sequent return to the original frequency ("ping-pong- 
ing"). In step 18, the difference between received power 
at the new frequency and received power at the original 
frequency is compared to a threshold value 
(HYSTERESIS_RX_PWR). In one embodiment of the 
35 present invention, HYSTERESIS_RX_PWR is equiva- 
lent to the IS-95B (November 18, 1997 version) pro- 
posed threshold value of DIFF_RX_PWR_THRESH. 
[0033] If received power at the new frequency does 
not exceed received power at the original frequency by 
40 at least HYSTERESIS_RX_PWR, then in accordance 
with step 20, the mobile unit tunes back to the original 
frequency and sends an OFRM containing the following 
fields: RX_PWR_CURR, RX_PWR_NEWF, and Ec/lo 
for all active set pilot channel signals at the original fre- 
45 quency 

[0034] However, if received power at the new fre- 
quency does exceed received power at the original fre- 
quency by at least HYSTERESIS_RX_PWR, then in 
accordance with step 22, the mobile unit checks to see 

50 whether the new active set is empty As previously 
described, an empty new aclive set is a list indicating no 
base stations at the new frequency. If the new active set 
is empty the mobile unit will proceed to step 26 and per- 
form a search in at a new frequency band for pilot chan- 

55 nel signals having a received strength (received power 
at the mobile unit) greater than a specified threshold 
value. If the new active set is not empty then the base 
station directs the mobile unit to one or more base sta- 
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tions indicated in the new active set at the new fre- 
quency. In step 24, a conditional check is performed. If 
the sum of the Ec/lo for new active set pilot channel sig- 
nals is not greater than a threshold value 
(MIN_SUM_ECIO_NEWF), in accordance with step 24. 
then the mobile unit searches for other pilot channel sig- 
nals at frequencies indicated by the OFNLM, in accord- 
ance with step 26. The process then resumes at step 
46. 

[0035] If the sum of Ec/lo for the new active set pilot 
channel signals Is greater than 
MIN_SUM_ECIO_NEWF, then the mobile unit utilizes 
the new active set while searching for other pilot chan- 
nel signals included within the OFNLM, in accordance 
with step 28. Step 30 is an inquiry as to whether cyclical 
redundancy code (CRC) checks result in returning no 
acceptable frames (i.e., frames without errors) within a 
prescrbed time period (MAX_WAIT). If an acceptable 
frame is received within MAX_WAIT, then a hand-off 
completion message (HCM) is transmitted from the 
mobile unit to the new base station (at the new fre- 
quency) indicating that a successful hand-off is com- 
plete and the connected call continues at the new 
frequency, in accordance with step 32. However, if an 
acceptable frame is not received within MAX_WAIT, the 
process resumes with step 46. 

[0036] Step 46 represents an inquiry as to whether the 

search performed is a first search alter receiving an 
EHDM. If the search is the first search, then process 
step 46 is performed. Iff the search is a search subse- 
quent to the first search, then step 50 is performed. If 
the reporting scheme is configured such that perform- 
ance of any search is to be reported in a OFRM, then 
step 46 is performed, othenwise, step 52 is next per- 
formed. Step 52 compares the sum of Ec/lo for OFNLM 
pilot channels to MIN_SUM_ECIO_NEWF If the sum of 
Ec/lo for OFNLM pilot channels is greater than 
MIN_SUM_ECIO_NEWF. then step 48 is performed. If 
the sum of Ec/lo for OFNLM pilot channels is not greater 
than MIN_SUM_ECIO_NEWF, then the mobile unit is 
redirected to its original frequency, in accordance with 
step 54. The call is then continued at its original fre- 
quency in accordance with step 42. 
[0037] In step 48, the mobile unit returns to its original 
frequency and sends an OFRM to the base station. The 
OFRM sent in accordance with step 48 includes the fol- 
lowing information/fields: RX_PWR_CURR, 
RX_PWR_NEWF, the Ec/lo of all active pilots of the 
original frequency, and the Ec/lo of the measured pilots 
of the searched frequency. In accordance with step 38, 
if an embodiment of the present invention is utilized 
which is not configured to perform periodic searches, 
then the call continues at the original frequency, in 
accordance with step 40. If an embodiment of the 
present invention is utilized which is configured to per- 
form periodic searches, the call similarly continues at 
the original frequency, in accordance with step 42. How- 
ever, whenever a specified search period expires, in 



accordance with step 44, the process is redirected to 
begin anew at step 10. 

[0038] Numerous modifications and alternative 
embodiments of the invention will be apparent to those 

5 skilled in the art in view of the foregoing description. 
Accordingly, this description is to be construed as illus- 
trative only and is for the purpose of teaching those 
skilled in the art the best mode of carrying out the inven- 
tion and is not intended to illustrate all possible forms 

10 thereof. II is also understood that the words used are 
words of description, rather than limitation, and that 
details of the structure may be varied substantially with- 
out departing from the spirit of the invention and the 
exclusive use of all modifications which come within the 

j5 scope of the appended claim is reserved. 

Claims 

1 . In a wireless communication system having a base 
20 station in communication with a mobile unit at a first 

frequency, a method for inter-frequency hand-off of 
a connected call to a new frequency, said method 
comprising the steps of: 

25 comparing, at said mobile unit, a received 

power at said first frequency to a received 
power threshold value; and 
tuning said mobile unit to said new frequency if 
said received power at said first frequency is 

30 less than said received power threshold value. 

2. A method in accordance with claim 1 wherein said 
wireless communication system is a CDMA based 
system. 

35 

3. In a wireless CDMA based communication system 
having a base station in communication with a 
mobile unit at a first frequency, a method for inter- 
frequency hand-off of a connected call to a new fre- 

40 quency, said method comprising the steps of: 

receiving a trigger message at said mobile unit, 
said trigger message representing a request 
for said mobile unit to enable periodic search- 
45 ing and timing at said new frequency; 

comparing a received power at said first fre- 
quency to a received power threshold value; 
and 

so 

tuning to said new frequency to explore said 
new frequency for a potential hand-off opportu- 
nity if said received power at said first fre- 
quency is less than said received power 
55 threshold value. 

4. A method in accordance with claim 1 or 3 wherein 
said connected call is continued at said first fre- 
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quency if said received power at said lirst frequency 
is greater than said received power threshold value. 

5. A method in acoordance with daim 4 further com- 
prising the step of: 5 



6. A method in accordance with claim 5 further com- i5 
prising the step of: 



7. A method in acoordance with claim 5 further com- 25 
prising the step of: 



8. A method in accordance with claim 7 further com- 
prising the step of: ss 



9. A method in accordance with claim 1 or 8 further 
comprising the step of: 45 

performing a hysteresis check if said received 
power at said new frequency is greater than 
said new frequency received power threshold 
value. 50 

10. A method in accordance with claim 9 wherein said 
hysteresis check is accomplished by comparing a 
differential value between said received power at 
said new frequency and said received power at said 55 
first frequency with a hysteresis threshold value. 

1 1 . A method in acoordance with claim 10 further com- 



prising the step of: 

tuning to said first frequency when said differ- 
ential value between said received power at 
said new frequency and said received power at 
said first frequency is less than said hysteresis 
threshold value. 

12. A method in accordance with claim 1 1 further com- 
prising the step of: 

transmitting a message report from said mobile 
unit, said message report operable to convey: 

a value corresponding to said received 
power at said first frequency, 

a value corresponding to said received 
power at said new frequency, and 

a value corresponding to at least one 
active pilot channel's fractional total power 
at said first frequency. 

13. A method in accordance with claim 10 further com- 
prising the step of: 

performing an inter-frequency hand -off to said 
new frequency when said differential value 
between said received power at said new fre- 
quency and said received power at said first 
frequency is greater than said hysteresis 
threshold value. 

14. A method in aocordance with claim 13 further com- 
prising the step of: 

transmitting a message report from said mobile 
unit, said message report operable to convey 

a value corresponding to said received 
power at said first frequency, 

a value corresponding to said received 
power at said new frequency, 

a value corresponding to said at least one 
active pilot channel's fractional total power 
at said first frequency, and 

a value corresponding to at least one 
active pilot char n el's fractional total power 
at said new frequency 

15. In a wireless CDMA based communication system 
having a base station in communication with a 
mobile unit at a first frequency, a method for inter- 
frequency hand-off of a connected call to a new fre- 



comparing a summation of active pilot chan- 
nels' fractional total power to a pilot power 
threshold value, wherein said mobile unit con- 
tinues said connected call at said first fre- 10 
quency when said summation of active pilot 
channels' fractional total power is greater than 
said pilot power threshold value. 



transmitting a message report from said mobile 
unit, said message report operable to convey a 
value corresponding to received power at said 20 
first frequency and a value corresponding to 
each active pilot channel's fractional total 
power at said first frequency. 



tuning to said new frequency to explore said 
new frequency for a potential hand-off opportu- 
nity if said summation of active pilot channels' 30 
fractional total power is less than said pilot 
power threshold value. 



comparing a received power at said new fre- 
quency to a new frequency received power 
threshold value, wherein said mobile unit tunes 
to said first frequency if said received power at 40 
said new frequency is less than said new fre- 
quency received power threshold value. 



50 



8 



15 



EP0 948 231 A2 



16 



quency. said method comprising the steps of: 

receiving a General IHandoff Direction iVIes- 
sage (GHDM) at said mobiie unit, said GIHDM 
being a trigger message causing said mobile 
unit to enable periodic searching and tuning at 
said new frequency; 

comparing a received power at said first fre- 
quency to a SF_RX_PWR_THRESH value, 
said SF_RX_PWR_THRESH value being a 
received power threshold value; and 

tuning to said new frequency to explore said 
new frequency for a potential hand -off opportu- 
nity if said received power at said first fre- 
quency is less than said 
SF_RX_PWR_THRESH value. 

16. A method in accordance with claim 15 wherein said 
connected call is continued at said first frequency is 
said received power at said first frequency is 
greater than said SF_RX_PWR_THRESH value. 

17. A method in accordance with claim 16 further com- 
prising the step of: 

comparing a summation of active pilot chan- 
nel's fractional total power to a pilot power 
threshold value, wherein said mobile unit con- 
tinues said connected call at said first fre- 
quency when said summation of active pilot 
channels' fractional total power is greater than 
said pilot power threshold value. 

18. A method in accordance with claim 17 further com- 
prising the step of: 

transmitting a Candidate Frequency Search 
Report Message (CFSREPM) from said mobile 
unit, said CFSREPM operable to convey a 
value corresponding to received power at said 
first frequency and a value corresponding to 
each active pilot channel's fractional total 
power at said first frequency. 

19. A method in accordance with claim 17 further com- 
prising the step of: 

tuning to said new frequency to explore said 
new frequency for a potential hand-off opportu- 
nity if said summation of active pilot channel's 
fractional total power is less than said pilot 
power threshold value. 

20. A method in accordance with claim 19 further com- 
prising the step of: 



comparing a received power at said new fre- 
quency to a CF_RX_PWR_THRESH value, 
said CF_RX_PWR_THRESH value being a 
new frequency received power threshold value, 
5 wherein said mobile unit tunes to said first fre- 

quency if said received power at said new fre- 
quency is less than said 
CF_RX_PWR_THRESH value. 

10 21, A method in accordance with claim 20 further com- 
prising the step of: 

performing a hysteresis check if said received 
power at said new frequency is greater than 
15 said CF_RX_PWR_THRESH value. 

22. A method in accordance with claim 21 wherein said 
hysteresis check is accomplished by comparing a 
diiferential value between said received power at 
20 said new frequency and said received power at said 
first frequency with a DIFF_RX_PWR_THRESH 
value, said DIFF_RX_PWR_THRESH value being 
hysteresis threshold value. 

25 23. A method in accordance with claim 22 further com- 
prising the step of: 

tuning to said first frequency when said differ- 
ential value between said received power at 
30 said new frequency and said received power at 

said first frequency is less than said 
DIFF_RX_PWR_THRESH value. 

24. A method in accordance with claim 23 further com- 
25 prising the step of: 

transmitting a Candidate Frequency Search 
Report Message (CFSREPM) from said mobile 
unit, said CFSREPM operable to convey: 

40 

a value corresponding to said received 
power at said first frequency, 

a value corresponding to said received 
45 power at said new frequency, and 

a value corresponding to at least one 
active pilot channel's fractional total power 
at said first frequency. 

50 

25. A method in accordance with claim 22 further com- 
prising the step of: 

performing an inter-frequency hand-off to said 
55 new frequency when said differential value 

between said received power at said new fre- 
quency and said received power at said first 
frequency is greater than said 
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DIFF_RX_PWR_THRESH value. 

26. A method in accordance with claim 25 further com- 
prising the step of: 

transmitting a Candidate Frequency Search 
Report Message (CFSREPM) from said mobile 
unit, said CFSREPI\^ operable to convey: 

a value corresponding to said received 
power at said first frequency, 

a value corresponding to said received 
power at said new frequency, 

a value corresponding to said at least one 
active pilot channel's fractionai total power 
at said first frequency, and 

a value corresponding to at least one 
active pilot channel's fractionai total power 
at said new frequency. 

27. In a wireless communication system having a plu- 
rality off base stations including active set base sta- 
tions using a first frequency for communicating with 
a mobile unit, a method for inter-frequency hand-off 
from the first frequency to a second frequency, the 
method comprising the steps of: 

comparing a first received power at the mobile 
unit for signals transmitted by base stations in 
the wireless communication system jsing the 
first frequency to a first received power thresh- 
old value; and 

tuning the mobile unit to the second frequency 
to measure a second received power for sig- 
nals transmitted by base stations using the 
second frequency if the first received power at 
the first frequency is not greater than the first 
received power threshold value. 

28. A method of claim 27 comprising the additional step 

of: 

comparing a summation of received powers at 
the mobile unit for signals transmitted by the 
active set base stations using the first fre- 
quency to a second received power threshold 
value if the first received power is greater than 
the first received power threshold value. 

29. A method of claim 28, wherein the step of compar- 
ing the summation of received powers comprises 
the step of: 

measuring received powers for pilot channel 



signals transmitted by the active set base sta- 
tions using the first frequency 

30. A method of claim 28, wherein the mobile unit main- 
5 tains communication with the active set base sta- 

tions if the summation of received powers is greater 
than the second received power threshold value, 
and the mobile unit tunes to the second frequency 
to measure the second received power for signals 
10 transmitted by the base stations using the second 
frequency if the sumnnation of received powers is 
not greater than the second received power thresh- 
old value. 

15 31. The method of claim 27 comprising the additional 
steps of: 

measuring the second received power for sig- 
nals transmitted by base stations using the 

20 second frequency when the mobile unit is 

tuned to the second frequency and 
determining whether there are any active set 
base stations using the second frequency if the 
received power difference value is greater than 

25 the hysteresis threshold value. 

32. The method of claim 27 comprising the additional 
steps of: 

30 comparing a received power difference value to 

a hysteresis threshold value, the received 
power difference value being a difference 
between the second received power and the 
first received power, and 

35 

tuning the mobile unit to the first frequency if 

the received power difference value is not 
greater than the hysteresis threshold value. 
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